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ABSTRACT 

The general characteristic equation is derived for the helically cladded step-index optical fiber. The dispersion curves 
are drawn for the different pitch angles Ψ and mode order ν = 1. The effect of helix pitch angle on the dispersion char- 
acteristics and also on the modal cut-off condition is examined. Except for the lowest order mode, all the modes appear 
in pairs. The lowest order mode displays the negative dispersion for the some value of normalized frequency V and de-
pends on the helix pitch angle Ψ. 
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1. Introduction 

Optical waveguides have been investigated extensively 
since past few decades considering the different cross- 
sectional geometry and different refractive index profiles 
[1-10]. The basic difference between a metallic and a 
dielectric waveguide lies in the way of confinement and 
guidance of electromagnetic waves—the waves are 
guided by the reflection from a conducting boundary in 
the former case while in the later case, the wave guidance 
is achieved by the total internal reflection phenomenon 
(TIR). The media with higher refractive index sur-
rounded by a media of comparatively lower refractive 
index hinders the light from spreading out. Bandwidth 
and loss considerations are the two important concerns in 
the modern communication technology on which special 
attention is to be paid for the optimum use of optical fi-
bers. An optical fiber is a special kind of optical wave- 
guide which have the filamental cross-sectional dimen-
sion and guides the EM energy as a result of total internal 
reflection. Many researchers have studied the propaga-
tion characteristics of optical fibers with more emphasis 
on dispersion characteristics and modal analysis [4,5, 
9,10]. E. Snitzer [11] studied about the characteristics of 
cylindrical dielectric waveguide modes near cut-off and 
far from cut-off and suggested a method for the designa-
tion of modes. Subsequently, a concise method for the 
designation of modes, which is valid for the waveguides 
of arbitrary refractive index profile, arbitrary number of 

modes supported and arbitrary cross-sectional dimension 
was presented by Snyder et al. [12] and discussed it in 
the cases when co cln n  and when co cl . The con-
dition when co cl

n n
n n  is unrealistic, since the wave will 

not encounter any discontinuity in the refractive index 
and for the normalized frequency V to be arbitrary, the 
wavelength of the illuminating source must be zero, 
which is unphysical. Modal study gives us a deep insight 
about the polarization properties of EM waves propagat-
ing down the fiber. Conducting helices are of promising 
importance in the field of travelling wave tubes and these 
were dealt in detail by considering the different type of 
helicity [6-8,13-15]. Almost, a new kind of optical fiber 
was proposed and analyzed by Singh et al. [4] in which 
the circular dielectric core of the fiber was wounded with 
conducting helical wires which serves the purpose of 
cladding. Though the introduction of helix over the core 
displays a complex structure of the optical fiber, still it 
has the technological importance in the field of travelling 
wave tubes (TWTs). 

In the present work, the comprehensive and elabora-
tive study of the dispersion characteristic of helically 
cladded step-index optical fiber is presented assuming 
the winding spacing to be uniform (i.e. the number of 
turns per unit length of the fiber) throughout for all the 
pitch angles (0˚ - 90˚). The general characteristic equation, 
which is valid for any mode order ν and helix pitch angle 
ψ, is derived by employing the helical boundary condi-
tion. The effect of helix pitch angle ψ on the modal dis-
persion characteristics and modal cut-offs of the pro-*Corresponding author. 
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posed optical fiber for the higher mode order is investi-
gated. The introduction of helical cladding over the core  
facilitates as an additional controlling parameter to con-
trol the modal dispersion. The central idea behind the 
study of such a complex waveguide germinates from the 
fact that it will find great technological importance in the 
field of optical communication. 

2. Theoretical Analysis 

Assuming a harmonic variation of fields in time, phase, 
and frequency, the longitudinal field components in the 
core and cladding regions are 
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where A, B, C, and D are the field constants to be deter-
mined with the help of boundary conditions and the pa-
rameters 

2 2 2 2 2 2
1 1 2,k k n k k n     2



 

Other field components can be retrieved by using the 
Maxwell’s equations. Matching the field components at 
the core cladding interface r a  we get a 4 4  ma-
trix whose determinant leads to the eigen-value equation. 
The general characteristic equation for the helically clad-
ded step-index fiber is 
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3. Results and Discussion 

To study the dispersion characteristics of helically clad-
ded step-index optical fiber, we plot the dispersion 
curves between the normalized propagation constant b 
and normalized frequency V for various helix pitch an-
gles ψ where the dispersion parameters b and V are de-  

fined as 
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  and 2 2

1 2V ka n n  . From 

Figures 1-8 it is clear that the dispersion curves show 
the normal expected nature except for the lower order 
mode which displays abnormal behavior i.e. by increas-
ing the normalized frequency V, the normalized propaga-
tion constant b starts decreasing and reaches to certain 
minimum value and after that it again starts increasing 
and saturates as it happens in the case of standard 
step-index optical fibers. As it is inferred from the dis-
persion curves that this decrease in the value of normal-
ized propagation constant b is somewhat different for the 
different helix pitch angles for the same value of nor-
malized frequency V. This abnormal behavior occurs due 
to the periodicity encountered by the wave in the z-di-
rection. Thus, as a concluding remark, we may say that 
the periodicity in helical winding renders the lowering of 
propagation constant up to the certain limit. By further 
increasing the pitch angle beyond , the nearly de- 
generate modes are getting farther apart. Thus, the effect 
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Figure 1. Normalized frequency V vs. b for ψ = 0˚ and ν = 1. 
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Figure 2. Normalized frequency V vs. b for ψ = 5˚ and ν = 1. 
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Figure 3. Normalized frequency V vs. b for ψ = 15˚ and ν = 
1. 
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Figure 4. Normalized frequency V vs. b for ψ = 45˚ and ν = 
1. 
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Figure 5. Normalized frequency V vs. b for ψ =60˚ and ν = 1. 
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Figure 6. Normalized frequency V vs. b for ψ = 85˚ and ν = 
1. 
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Figure 7. Normalized frequency V vs. b for ψ = 87˚ and ν = 
1. 
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Figure 8. Normalized frequency V vs. b for ψ = 89˚ and ν = 1. 
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